Morphological and genetic differences between Japanese and Chinese red ark shell Scapharca broughtonii were examined. Differences were recognized between the two forms in all of the morpholog ical characters examined. In particular the number of radial costae and shell weight index differed sufficiently for unequivocal differentiation of the forms, when used in combination. Isozyme analyses of genetic characters indicated differences in allelic frequencies at the MEP-1*, PGM* and PROT * loci. The genetic distance (D value) between the Japanese and the Chinese forms, calculated from iso zymic allele frequencies was 0.108, suggesting significant genetic independency of the two forms. The considerable morphological and genetic differences suggested that the Chinese red ark shell is a distinct subspecies or species from Scapharca broughtonii.
Red ark shell Scapharca broughtonii (Schrenck) is one of the most important shellfishes in fisheries in Japan and adjacent countries. In Japan, its artificial culture has been vigorously made. Since demand for aquacultural seeds in creased in recent years, the supply of the seeds is not al ways sufficient. In Kagawa Prefecture, about 850 thousand of wild red ark shell ( Fig. 1) were imported from China in 1993-1994 to supplement the shortage of the seeds. And the imported Chinese red ark shell were released into the natural sea area for farming.
Consequently, the effects of the existence of free-living Chinese red ark shell in Japanese waters is of concern, necessitating examination of their biological features. For this reason, the present study was carried out to clarify morphological and genetic differences between the Japanese and the Chinese red ark shells. Materials and Methods
Morphological Characters
Data from specimens used for morphological analyses are shown in Table 1 . The red ark shell from Japan (here after called Japanese form) were collected from off Kawarazu, Ehime Prefecture and from off Shido and off Takuma, Kagawa Prefecture, all the places being located in the Seto Inland Sea. Total number of the specimens was 87.
The red ark shell from China (hereafter called Chinese form) were sampled from aquacultural seeds, which were transported from Dalian, Liaoning Province, China to Kagawa Prefecture in February, 1994. They were original ly caught in the Bohai Sea. Total number of the specimens was 82.
As length-measured characters, shell length (SL), shell height (SH), shell depth (SD), hinge length (HL) and shell weight (SW) were measured. Meristically, number of radi al costae (RC) and number of hinge teeth (HT) of the left valve were counted. To express the shell weight relatively, the shell weight index (SWI) was defined by a formula as follows: 
Results

Morphological Characters
Results of the morphological examinations are shown in Table 3 . High level of significant differences in proportion between the two forms were recognized in all of the charac ters. SH, SD and SWI of the Chinese form were fairly larg er than those of the Japanese form (Table 3 ). These mat ters indicate that the shell shape of the Chinese form is more global than the Japanese form, and the shell of the Chinese form is thicker than the Japanese form.
As for the meristic counts, the number of hinge teeth (HT) plainly increased associated with growth in the both forms ( Fig. 2) . Therefore, the average values and ranges of HT are not available to examine the difference between the two species (Table 3) . Thus, regressions between SL and HT of the two forms were calculated. Powers regressions gave the highest correspondence to both the forms, being expressed by formulae as follows: On the two formulae obtained, a covariance analysis was made. The F value resulted 2.080, being significant at 1 % level. That is, the regressions of the two forms are sig nificantly different, according to the parameters of the for mulae and the graph (Fig. 2) , HT of the Chinese form are relatively less than that of the Japanese form.
Regarding the number of radial costae (RC), since it did not vary with growth unlike HT, the average numbers and ranges were available to examine the differences between the two forms ( Table 3 ). Histograms of RC frequencies in the two forms are shown in Fig. 3 . Both resulted in plain Relationship between shell length and hinge teeth.
Open circles-Japanese form, dark circles-Chinese form.
normal distributions and indicated clear differences in mode and range. The average values differing by nearly 5 between the two forms and slightly overlapping in the range of 43-44 ( Fig. 3 ). Although the range of RC over lapped between the two forms, the combination with SWI separated the two forms completely ( Fig. 4 ).
Genetic Characters
Allelic frequencies at 14 loci detected by electrophoresis with ƒÔ2 heterogeneities between the two forms are shown in Open circles-Japanese form, dark circles-Chinese form.
loci examined ( Table 4 ). Some of these loci and alleles are described as follows. Malic enzyme (MEP): The MEP-1* locus of the Japanese form had a major allele of *100, and a minor one of *80, whereas the locus in the Chinese form was mono morphic, being entirely occupied by the *100 allele ( Fig. 5 ; Table 4 ).
Phosphogluconate dehydrogenase (PGDH): The PGDH * locus of the Japanese form had a major allele of *100 with a frequency of 0 .917, and a minor one (*0), whereas in the Chinese form, the frequency of *100 allele 0.844, with minor allele of *0 and *200 ( Fig. 5 ; Table 4 ).
Phosphoglucomutase (PGM): At the PGM* locus of the Japanese form, a major allele (*100) with a frequency Differences between Japanese and Chinese Ark Shell 335 of 0.979, and a minor one (*120) were found, whereas the Chinese form had the *100 allele as the major allele, with a frequency of 0.521, and minor ones of *120, *85 and *125 ( Fig. 5 ; Table 4 ). General protein (PROT): At the PROT * locus of the Japanese form, the major allele of *100 had a frequency of 0.870, with a minor allele of *175. In contrast, in the Chinese form, the major and minor alleles were essentially reversed, with the major allele being *175, with a fre quency of 0.938, and the minor one (*100) ( Fig. 5 ; Table  4 ).
Of the other isozymes, significant differences in allelic frequencies between the two forms were found in the MDH * and MPI * loci ( Table 4 ).
The genetic distance (D value)3) between the two forms, calculated from isozymic allele frequencies was 0.108, at least significant at the intersubspecific level of general livings.4)
Discussion
According to the geneticcccc analysis, the D value between the two forms was 0.108. Although the value was sig nificant at the interspecific level of general livings,4) it was somewhat lower than the general interspecific level of ma rine bivalves (intrageneric average 0.248-0.974) summa rized by Oniwa and Kijima.5) However, some of the D values shown by them are smaller than the value obtained in this study, such as 0.098 which is between Crassostorea gigas and C. angulata, and 0.079 which is between Sac costorea commercialis and S. glomerata. Therefore, it may be reasonable to regard the D value between the Japanese and the Chinese red ark shell being the interspecific level.
This corresponds well with the morphological diver gence between the two forms (Table 3) , at least the mor phological data suggest that the Chinese form is a distinct subspecies or species from Scapharca broughtonii. Since it is somewhat difficult to determine the taxonomic grade in this moment, the Chinese form is here referred as Scaphar ca sp. temporarily until formally described. Scapharca broughtonii is supposedly widely distributed in coastal waters of the Japanese Archipelago, Korea, northern Chi na and Taiwan. [6] [7] [8] This study showed that a distinct sub species or species, formerly confused with Scapharca broughtonii, inhabits the Chinese coast.
Wang et al.7) described so-called S. broughtonii in Chi na, indicating HT as about 70 and RC as 42-48. Although HT can not be discussed because it changes with growth (Fig, 5) , RC by their description correspond well with the result of Scapharaca sp. in this study (Fig. 6 ). Further, its photograph shown is very similar with S. sp. (Fig. 1 ) rather than S. broughtonii in shape. The same, Zheng9) de scribed that from Zhejiang Province in China, showing RC also as 42-48 and close shell proportions to the results in this study.
While Qi et al.10) also described the same species and indi cated RC as 42. However, their description is doubtful be cause RC can be counted at least 44 from the plate they showed. Further, its photograph shown is similar with S. sp., and the calculated proportion from their data shown also correspond well with S. sp. Therefore, their descrip tion might be based on Japanese descriptions on S. brough tonii.
Lee et al. *1 examined characteristics of Korean red ark shell from Chinhae Bay and Chinese one from Shandong Province with morphometrics and nuclear DNA analyses. They detected considerable morphological and genetic differences between the Korean and the Chinese forms as same as this study.
Since differences between the Japanese and the Korean forms have not been examined yet, it is uncertain whether these two forms are the same species or not. However, the capture locality of the Korean form examined in their study is faced Tsushima Channel that is close to Japanese Archipelago. According to a description of S. broughtonii in Korea, the Korean form is very similar with the Japanese form.11) Jo et al.12) examined regression between SL and SH and that between SL and SD of the Korean ark shell from east coast of the Korean Peninsula, and showed close allometric values to the Japanese form examined in this study.
Although the information does not always mean that an uniform species distributes around Korean Peninsula, at least some Korean populations like that examined by Lee et al. *1 and Jo et al.12 ) may be the same species as the Japanese form. Suppose this was true, the fact that there were pronounced differences between the Korean and the Chinese forms was reasonable.
There are many living species which is supposed to broadly distribute around east Asian waters. However, populations which inhabit in the long distance like that be tween Japan and China can not genetically interchange. In the situation, lapse of historical time makes genetic diver gence, consequently specific divergence can occur.
Actually, a marine fish of sea bass Lateolabrax japoni cus has been supposedly widely distributed in east Asian coastal waters. However, Yokogawa and Seki13) examined morphological and genetic differences between the Japanese and the Chinese sea bass, and concluded that the Chinese one is a different species from L. japonicus as same as the Chinese red ark shell in this study. The same, Ozawa and Tomida14) made morphological comparison be tween Japanese and Chinese top shell Turbo (Batillus) cor nutus, they recognized the Chinese top shell as a distinct species from the Japanese one, and described the Chinese top shell as T. chinensis. These examples of specific diver gences might be natural because the Japanese and the Chinese populations never have genetic interchange.
Not only these matters, there can be many unknown living species which is confused in the known species. Descriptions of species tend to rely on literature and reports, this can cause the taxonomic confusion. Here after, the morphological and genetic examinations for the actual specimens should be made to clarify the present clas sifications.
Actually, not only the red ark shell but also many kinds of foreign fishes and shellfishes have been vigorously in troduced into Japan as aquacultural seeds.*2 And some species of the foreign seeds genetically differed from Japanese native species. l3,15,16)*3,*4 In case of the Chinese red ark shell, it must be a great problem that the seeds were released into the open sea. The free-living individuals will grow up and mature, they may participate the propagation with the Japanese ones. It can cause hybridization between the two forms. If the F1 hybrids can propagate, the exotic gene will flow into the Japanese native gene resources, and that status can not return to the original condition by any means.
Therefore, in order to conserve the Japanese native genetic resources, it would be recommended that new in troductions of the foreign seeds should be made with enough caution from now on.
